INTRODUCTION
Chang (1942) observed that the motility and respiration of rabbit spermatozoa are very low in dilute suspensions. This finding is reflected in the greater fertilising capacity of a constant number of spermatozoa when insemln~ted in small, as opposed to large volumes of diluent (Chang, 1946) . Thus, an insemination with a total of 30,000 to 44,000 spermatozoa suspended in 1.0 ml. of saline was followed by cleavage in 0 per cent to 6 per cent of ova, whereas the same number of cells suspended in 0.1 mh produced cleavage ill 17 per cent to 42 per cent of ova, the difference being statistically significant. This "dilution phenomenon" is reminiscent of Milovanov's (1934 a, b) test of the resistance of an ejaculate, in which semen is rapidly diluted with a 1 per cent solution of sodium chloride until motility ceases; the index of resistance, R, is the volume of diluent required to produce immotility divided by the original volume of semen used in the test. Milovanov attributes this immobilising action to the toxicity of sodium chloride, but this point will be discussed below.
Our own observations, made in the course of an investigation of the release of the enzyme hymluronidase from spermatozoa (Swyer, 1947) confirmed the rapid immobilisation of rabbit spermatozoa suspended in Baker's (1931) solution at a density of about half a million cells per ml., and the present communication deals with the results of various experiments initially designed to discover methods of maintaining motility under such conditions, and later extended in an attempt to explain the action of substances found to be effective. The need for dealing with suspensions of this order arose in the first place in attempts to discover whether spermatozoa which had been depleted of their hyaluronidase could reabsorb it on being placed in a medium rich in the enzyme. The question will receive some consideration in this paper.
Mat,rial and Mahods
Active ejaculates with high initial motility in control suspensions in Baker's solution were used in the tests. These control suspensions were at 20 million cells per ml., a sufficient concentration to maintain as good or nearly as good a motility as in more dense suspensions. In testing the effect of dilution, various less concentrated suspensions were made by direct dilution from the control tubes. All tubes were kept covered and at room temperature, but were not under anaerobic conditions. 121
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Motility was scored according to the method of Emmens (1947) , in which fully active suspensions are given a rating of 4, suspensions exhibiting translational motility rate between 2 and 4 according to the degree of activity exhibited, while those exhibiting a preponderance of non-progressive movements rate from 0 to 2. It is frequently possible to interpolate to quarter-grades, and a motility score may therefore be given as a decimal fraction in the tables. The standard times of observation are ½, 1½, 2½, 4, and 6 hours after the start of a test, sometimes with additional observations at 24 and 48 hours. An over-all index of motility is obtained for any one suspension by adding the individual scores for the whole period of the test, usually the five scores from ½ to 6 hours. The use of this index as a variate is discussed in a previous paper (Emmens, 1948) , where it is shown to be suitable for the analysis of variance. When, as in the 0.4 million per ml. dilutions of the present tests, motility sometimes falls rapidly to zero, the variance of the index is probably not completely independent of the level of response. This might result in unreliable significance tests for results on the borderline of significance, but is of little consequence when, as in the following tables, probabilities of less than 0.001 are most frequently in question. A standard test consists of observations on two ejaculates, with one tube from each ejaculate at every dilution and treatment tested. Such a test is normally found to be of ample sensitivity in determining the influence of treatments on motility. Fig. 1 shows the mean motility index at various times in four semen specimens diluted to 20, 2.84, 0.41, and 0.06 million per ml. At the highest dilution, all motility was lost within 4 hours--in fact, in three of the four specimens it was lost within 2½ hours. The analysis of variance for these data is given in Table I , in which the motility index for the 6 hour period is used as the variate. From Table I it is seen that the ejaculates behaved similarly in exhibiting a highly significant fall in motility with progressive dilution as compared with the less dilute suspensions. The most dilute suspension was not easy to work with, as so few spermatozoa were present per microscopic field. It was therefore decided to employ a dilution of 0.4 million per ml. as the standard "dilute" suspension. Ctdoride-Free Diluents.--Milovanov (1934 a, b) finds that chlorides are injurious to spermatozoa and recommends the following chloridefree diluents for rabbit ejaculates:
RESULTS

(a) The Effect of Progressive Dilution.--
(b) The Effect o]
SGR-2, which contains 39.0 gin. of anhydrous glucose, 3.5 gin. of anhydrous sodium sulfate, and 2.0 gm. of salt-free peptone per litre.
TGR-2, which contains 7.0 gin. of sodium potassium tartrate in place of the sodium sulfate in SGR-2.
A standard test with two ejaculates was therefore made of the effect of dilution with these diluents, and with variants in which the peptone was omitted, in comparison with Baker's solution (Baker's solution contains 2.0 gm. per litre of sodium chloride). The results are shown in Table II , in which the peptonefree variants have the suffix a.
It is clear from Table II that any effect of the chloride-free diluents on motility is deleterious rather than helpful at a concentration of 20 million per nil., • --• 20 million per ml. O --O 2.9 million per ml.
• --• 0.41 million per ml.
[] ~ [] 0.06 million per ml. * The probability of the observed effects being due to chance. In this and the following tables, significant results are in bold-face type.
definitely so at 24 hours. On the other hand, some motility persisted until 6 hours in SGR-2, at a dilution of 0.4 million per ml., while the controls had become immotile rather earlier. The analysis of variance in Table HI shows, however, that no significance is to be attached to the small variation which is seen from diluent to diluent in the higher dilutions, as the mean square for differences between diluents is less than that for error.
It is concluded, therefore, that the immobilising effect of high dilution in Baker's solution is not to be attributed to its content of sodium chloride and that this diluent is more suitable than SGR-2 and TGR-2 for the study of the phenomenon, since activity persists better in Baker's solution at 20 million per ml. The poor quality of the chloride-free diluents is in line with their low initial pH (6.8 to 7.4 when mixed with semen) and instability of pH, which fell in 24 hours to between 5.2 and 6.4 in different tubes at 20 million per ml. In view of these findings the immobilising activity of 1 per cent sodium chloride in Milovanov's test would seem to be due in part, if not in entirety, to the effect of dilution itself, at any rate with rabbit spermatozoa. To test this pos-sibility, determinations of R were made by Milovanov's method with eleven different ejaculates, using physiological saline, SGR-2, and Baker's solution in random order with each ejaculate. The results are shown in Table IV . When an ejaculate was tested twice with the same diluent, the first test, labeUed a, preceded the second test by between 1 and 3 hours. It is seen that aging of the specimen tends to lower the value of R.
The results in Table IV clearly demonstrate that the immobilising effect in Milovanov's test is not due to sodium chloride, as SGR-2, the chloride-free diluent, is more often wor~ than physiological saline for preserving motility 4,000 >20,000 40O >20,000 6,000 3,200 2,000 >20,000 17,000 >20,000 >20,000 >20,000
8,000
3,200 2,000 >20,000 1,600 >20,000 5,000 >20,000 10,000 8,000 5,000 >20,000 >20,000 >20,000 >20,000 >20,000 a ----1st test, b -~ 2nd test, 1 to 3 hours later.
than the reverse. The use of Baker's solution usually permits of greater dilution before immotility occurs than do either of the other diluents.
(c) The Effect of Catalase.--There is strong evidence that spermatozoa, at least those of man, ram, and bull, do not contain catalase in significant amounts (MacLeod, 1943; Tosic and Walton, 1945; Tosic, 1946; Blom and Christensen, 1947; Mann, 1948) and it was thought that the production of toxic amounts of hydrogen peroxide in the presence of a relative excess of dissolved oxygen might explain the rapid fall in motility in dilute suspension. It has already been shown that semianaerobic conditions do not decrease the rate of fall in motility of concentrated suspensions (Emmens, 1948) and that production of hydrogen peroxide is not important at these concentrations. The ineffectiveness of added catalase (a highly purified preparation kindly supplied by Dr. T. Mann) is shown in Table V , for which an analysis of variance is clearly superfluous.
In further tables, only the 4 and 6 hour indices will be given, a high index necessarily indicating that the spermatozoa survived at good motility during the test period. The maximum possible value of a 4 hour index is 16, and of a 6 hour index is 20.
(
d) The Effect of Oit Emulsions and of Supernatants from Other
Suspensions.-Walton (personal communication) has observed that an emulsion of liquid paraffin in ordinary diluents helps to preserve motility. It was therefore decided to test the effect of emulsions of from 0.25 to 0.5 per cent liquid paraffin, emulsified with the aid of a little gum arabic, on the.dilution phenomenon. In addition, it was thought that a possible effect of dilution might be the excessive loss of some essential material, such as an intracellular enzyme, and that this loss might be prevented by using spermatozoa-free supernatants from relatively dense suspensions in place of the usual Baker's solution. This type of supernatant (SA in Table VI ) was prepared by centrifuging a suspension of two
TABLE V The Absence of an Effect of Catalase on the Fall in Motility of Rabbit Spermatozoa in Dilute Suspension
Sperm/ml. 13.7 1.8 2.0 2.0 ejaculates in 40 ml. of Baker's solution after leaving it to stand for 40 minutes (test 1, Table VI ) or overnight (all other tests). Since the leaching of hyaluronidase from spermatozoa is most effectively realised by freezing (Swyer, 1947) a further supernatant was made from a similar suspension frozen overnight (SB). Test 1, Table VI, showed the effectiveness of an oil emulsion and of supernatant SA, hence other supernatants were prepared (1) from a suspension of two ejaculates in 40 ml. of an oil emulsion prepared as above (SC), in case this prevented the escape of the hypothetical factor from the cells, (2) by boiling an SA supernatant (SD), in case the activity was destroyed by heat, and (3) from a suspension of the aspermic ejaculate from a vasectomised buck (SV), in case the activity was not associated with the presence of spermatozoa at all. In test 4, Table VI, this "supernatant" was not in fact centrifuged, and consisted of a suspension of the ejaculate in 20 ml. of Baker's solution. The motility indices (4 or 6 hour) for duplicate sets of tubes from different ejaculates are shown in Table VI . The analyses of variance for the data in Table VI are given in Tables VII and VIII. The mean squares for error differ in the two dilutions, that for 0.4 million per ml. is the greater, but they do not differ significantly from test to test within each dilution, and have hence been combined to give an over-all estimate based on more degrees of freedom than are available in each separate test. The standard error of an observation at 0.4 million per ml. is 1.75, which is also the standard error of the difference between the means of two pairs of duplicates. With an estimate of error based on 14 degrees of freedom, the mean difference between two such pairs must be at least 3.8 (P = 0.05) or 5.2 (P = 0.01) for significance, where P is the probability that the difference has arisen by chance alone. Thus, all three treatments in test 1 differ significantly, while the significance of the action of all supernatants and of oil emulsion in preserving motility at high dilution is in no practical doubt whatever. It may be noted that the significantly less favourable action of SA in test 1, as compared with oil, was not confirmed either for SA itself or the variants, SB, SC, and SD in later tests, and that this particular result is probably attributable to the short time during which the suspension from which the supernatant was prepared was allowed to stand. * The probability that the observed effect is due to chance.
The conclusions to be drawn from these tests are self-apparent. At a dilution of 20 million per ml., no difference is seen as a result of any treatment, i.e. the various diluents were neither toxic nor, where there was scope for it, beneficial. At a dilution of 0.4 million per ml. no difference is seen between the various supernatants from a suspension of spermatozoa and an oil emulsion, except the relative inefficiency of SA in test 1 already noted. SV, however, was not as effective as the others, although it had some action. The lower efficiency of SA and SV would seem to indicate that seminal plasma alone is not sufficient for the maintenance of full motility over the 4 or 6 hours of the test, and that a further contribution comes from the spermatozoa themselves. The substance (or substances) in a supernatant responsible for the maintenance is, however, heat-stable.
In tests 2, 3, and 4 (Table VI) , the motility of 0.4 million per ml. suspensions in supernatants SA-SD approached, but did not equal that of the corresponding 20 million per ml. suspensions. Without labouring the analysis, it may be noted that in all of twelve cases the motility index was less in the 0.4 million per ml. tubes. This would occur by chance only once in 4096 times if there were no real difference. A further observation taken at 24 hours in each test amplifies this conclusion, the mean motility rating of all twelve more concentrated suspensions then being 1.8, and of all twelve less concentrated suspensions 0.95. Thus, it is further concluded that, despite the considerable effect of supernatants in maintaining motility, this maintenance is not complete in comparison with controls at a higher concentration. The same, although less well substantiated conclusion seems to hold for the oil emulsion as well.
(e) The Effect of Various Other Diluents.--The fact that liquid paraffin emulsified with the aid of gum arabic and the various supernatants were all effective in prolonging motility in dilute suspensions suggested that the action might not be very specific. A number of substances which happened to be at hand or easily obtainable were therefore tested; the choice of substances was in part guided by previous work and in part by a desire to test widely different materials. 'They were dissolved in Baker's solution, and the results of three successive tests are given in Table IX . The only suspensions at 20 million per ml. included in these tests were the controls in Baker's solution. Summary analyses of variance for the tests are given in Table X , a common error being used as before, since the individual estimates of error were again homogeneous when tested ~tatistically. The standard error of the difference between the means of two pairs of duplicates is 1.82. With an estimate of error based on 24 degrees of freedom the mean difference between two such pairs must be at least 3.8 (P --0.05) or 5.1 (P = 0.01) for significance.
It is seen that the last twelve substances in Table IX had a significant effect on motility (P < 0.01 in all but the case of dextrin), whereas agar, gelatin, and sodium silicate were without effect. In test 3, all solutions were boiled for 15 minutes before the test (the starch, agar, and gelatin solutions in test 1 were also boiled), demonstrating once more the stability of the responsible agents to heat. The proteins were crystalline, Nos. 1, 2, and 3 being globo-glycoid preparations kindly provided by Professor C. Rimington, No. 4 being a preparation of crystalline bovine serum albumin prepared by Armour Laboratories, Chicago, Illinois, and they did not precipitate on heating in the concentration used. It * The probability that the observed effect is due to chance.
is once more apparent that most, if not all of the substances tested are not as effective as is a higher concentration of spermatozoa in Baker's solution in maintaining motility. The effectiveness of proteins (2) and (4), oil emulsion not made with gum arabic, dextrin, and inulin, is, in each case, almost certainly less than optimal. Thus, the action of the previous oil emulsions can be largely attributed to their content of gum arabic. Nevertheless, the widespread capacity of this heterogeneous collection of substances to mitigate the lethal influence of dilution makes it reasonably certain that a physical rather than a chemical action is concerned. The effectiveness of none of the substances in Table IX continued at a high level for 24 hours. By this time the motility of suspensions at 20 million per ml. ranged from 1½ to 3, while the more dilute suspensions were in all cases immotile or nearly immotile. This is in agreement with the previous findings with oil emulsions and supernatants.
TABLE XI The Influence of Purer Diluents on lhe Dilution Phenomenon (6 Hour Tests with Two
Ejaculates)
Diluent (see text)
Baker (1) and (2) Baker ( --In view of the decision that the action of the various effective agents is physical, the possibility was next explored that they might adsorb a toxic agent present in Baker's solution as normally prepared with analar reagents and distilled water made with a copper still. Such agents as traces of copper, lead, or arsenic in the reagents might prove more lethal to dilute suspensions, although chemical tests for the presence of these metals in the diluents were negative. A test was therefore made with the following diluents:
(1) Baker's solution as normally prepared; (2) The same solution treated with Norit brand-activated charcoal overnight and filtered; (3) Baker's solu= tion made with water doubly distilled over glass; (4) The same solution treated as (2); (5) Baker's solution (1) with 10 parts per million of copper added as copper sulfate.
The results of a standard test are shown in Table XI , and the analysis of variance in Table XII. The apparent effect of treatment with activated charcoal is seen to be contradictory in the two preparations of Baker's solution, but on statistical analysis it is further seen that no significance can be attached to the differences between diluents at either concentration. It is not certain that the charcoal used was itself metal-free, but since the presence of more than a trace of copper had no influence on motility at 20 million per ml. it was thought more profitable to investigate the effect of relatively high concentrations of copper, lead, and arsenic, than to attempt to purify the diluents more thoroughly. The presence of mercury, known to be highly toxic to spermatozoa, was not in question.
The next test, therefore, consisted in the investigation of motility in Baker's solution containing up to 160 parts per million of copper or lead, or up to 48 parts per million of arsenic. These concentrations are far beyond those in the reagents used in preparing the diluents. The diluents were used for preparing * The probability that the observed effect is due to chance.
suspensions at 20 million per ml., copper being added as the sulfate, lead as the nitrate, and arsenic as potassium arsenite. Motility indices for a 6 hour test and the motility score at 24 hours are shown in Table XIII , which lists the results of a standard test. The results are unequivocal in showing no toxicity during the first 6 hours at any concentration of metal, but a toxic influence of copper by 24 hours. This surprising eventuality makes it unlikely that the rapid immobilisation of spermatozoa by dilution can be due to the toxic action even of copper, which is not present in Baker's solution as normally prepared to the extent of 1 part per million.
(g) The Effect of Repeated Washing.--A further method of investigating the possibility that spermatozoa in dilute suspension lose vital material excessively is to wash them repeatedly in fresh diluent. If the maintenance of activity depends on the continued presence of seminal plasma, a few washings, which would remove practically all of this, should result in rapid immobilisation. If it depends on the leaching of internal material from the cells many washings might be required, as the loss of this material would depend both on its concentration in the surrounding medium and on the duration of exposure to the medium. Consequently, two tests were made; in the first only two washings were given; in the second six washings were given. The first test involved two ejaculates, each of which was suspended at 20 million per ml. in Baker's solution and centrifuged for 30 minutes. The supernatants were removed and each ejaculate resuspended in the original volume of fresh diluent and divided into two equal portions. These were again centrifuged and the sulSernatants removed. Then one half of each ejaculate was re- suspended in fresh diluent, while the other half was suspended in the original first supernatant. Thus, twice washed spermatozoa were placed either in a solution of seminal plasma equivalent to that produce d in making the original dilution to 20 million per ml. (1 in 32.5 and 1 in 17.5 respectively), or in fresh diluent. Allowing for the residual plasma left behind when removing the supematants, the concentration of plasma in the two latter suspensions was approximately 1 in 960 and 1 in 525 respectively. There was no influence of washing on motility. The motility scores of the first ejaculate were 4 in both suspensions up to 6 hours from the last resnspension, and 3½ at 24 hours. Those of the second ejaculate were 3½ or 4 in both tubes up to 6 hours, and 2 and 2½ at 24 hours, the spermatozoa suspended in fresh diluent exhibiting the higher motility at 24 hours. Thus, spermatozoa in relatively plasma-free suspensions do not exhibit the "dilution phenomenon" when kept at a concentration of 20 million per ml., although the concentration of seminal plasma is approximately equal to that occurring in a suspension at 0.4 million per ml. prepared by direct dilution.
The second test (Table XIV) commenced with the same procedure as before, four ejaculates being used, with the modification that each suspension was divided into two from the start, and in the control tubes, labelled a in Table  XIV , the spermatozoa were resuspended by agitation in the same unreplaced diluent. This time, six washings were made in the course of 2½ hours, at the end of which the washed spermatozoa were split into two portions, one, labelled b was suspended in fresh diluent while the other, labelled c, was suspended, in 2  1  2  1  3  2  --3½ 2  --2  1½  2  ½  3  2  21  3½ 1½ 3  2~ 2  2½ 1½  3½ 2½ 3t  3½ 1  3½  2j  1½  2½ 1  3½ 1½ 3~  4  1 the case of ejaculates 3 and 4, in a supernatant from a 1 in 10 dilution of another ejaculate which had stood for about half an hour before centrifuging. From Table XIV it is clear that, while repeated centrifuging depressed motility and some recovery took place on resting in all suspensions, the motility of 6 times washed spermatozoa was almost abolished unless they were then resnspended in a supernatant rich in seminal plasma, when full motility was regained. Thus, dilution of the plasma to an extent which, in a correspondingly dilute suspension of spermatozoa, results in rapid immobilisation, does not so immobilise a more concentrated suspension. Sufficient washing of the more concentrated suspension results in a loss of motility which is fully regained on the addition of seminal plasma. This argues both for loss of intracellular material as a cause of the dilution phenomenon and for its sufficient replacement on suspension in a medium containing it--if indeed it is necessary for such material to be reabsorbed in order to exert its specific effect. That such reab-sorption can take place is demonstrated for hyaluronidase by the experiment described below,
(k) The Reabsorption of lYyaluronidase by Spermatozoa.--Hyaluronidase- containing solutions consisted of (1) a supernatant from 10 ml. of Baker's solution containing 0.2 ml. of rabbit semen frozen overnight and centrifuged, and (2) 10 ml. of Baker's solution containing 10 units of bull semen filtrate (Swyer and Emmens, 1947) . The rabbit semen to be tested was suspended in two 0.2 ml. aliquots in 100 ml. of Baker's solution containing 0.25 per cent (W/V) gum arabic to prevent the dilution phenomenon. After I hour the suspensions were centrifuged for hal/an hour and the supematants were removed. The spermatozoa were then resnspended in 5 ml. of solutions (1) and (2) and again left for 1 hour before centrifuging for half an hour. The supematants were removed and stored frozen until assayed by the viscosimetric method (Swyer and Emmens, 1947) . These final supematants were assayed against solutions (1) and (2) respectively; the estimate of potency of solution (1) in terms of the corresponding final supematant was 1.37, fiducial limits of error (P = 0.05) 1.15 to 1.61, demonstinting that the spermatozoa had reabsorbed a significant amount of homologous hyaluronidase. There was, however, no significant difference in potency between solution (2) and the corresponding final supematant, indicating that rabbit spermatozoa casmot absorb heterologous (bull) hyaluronidase.
The approximate quantities of enzyme involved in the test of the reabsorption of homologous hyaluronidase were: ............................... 5.6 units Gain by spermatozoa .................................. g.l units These figures are approximate, because assay in terms of bull semen filtrate, the standard preparation, was in part invalidated by an unexplained significant difference in slope between the dose/response lines. This does not affect the conclusion that the spermatozoa absorbed homologous hyaluronidase, since this was demonstrated by direct comparison between rabbit semen supernatants in a fully valid assay.
DISCUSSION
Tests designed to discover means of maintaining the motility of spermatozoa in high dilution have revealed an abundance of effective or partially effective agents. A certain amount of discussion has been interpolated in presenting results, where it seems more readily ~ligestible and avoids repeated back reference. It is proposed only to emphasize here the outstanding points which have emerged.
Firstly, with reference to the constituents of semen, it would seem that the following fractions have differential activity:
1. The accessory secretions signiticantly prolong the motility of dilute suspensions, but under the conditions investigated their action is confined to a few hours.
2. Supernatants from suspensions of spermatozoa left overnight further prolong motility, yet their action is not equivalent to suspension at a higher concentration, and is largely dissipated within 24 hours. There is good evidence that these superrmtants are more effective than seminal plasma alone because they contain material lost by spermatozoa on standing.
Secondly, it seems more than coincidental that the most potent of the various exogenous agents investigated behave as members of class (2) above, and do not maintain full motility for very long. Their action would seem to be physical, perhaps bound up in some way with the colloidal state, although the complete ineffectiveness of other colloids makes this assumption dubious. If one is conservative of hypotheses and supposes that a single ultimate agency is at work, the most likely suggestion would seem to be that these substances prevent the loss of vital material from the spermatozoa. The way in which they may do this is not apparent, and it is difficult to believe that a complex material, such as an enzyme system, could readily pass out of and into the cells. That hyaluronidase can undergo the postulated translations has already been shown, though there is no proof that it actually traverses the cell membrane in the process. Indeed, it would seem that the most likely explanation is that the effects in question are surface phenomena, so that adsorption rather than absorption would perhaps be the more accurate description. Recent electron microscope researches on the structure of spermatozoa (Bretschneider and van Iterson, 1947) have shown that the whole surface of the flagellum is covered by a fine helix of orientated molecules, and from analogy with muscle, it is likely that the motor mechanism is situated in these surface structures. Walton (1947) has drawn attention to the importance of surface phenomena in spermateliosis and spermatozoal physiology.
A somewhat speculative, but nevertheless not unreasonable alternative explanation for the action of the agents effective in mitigating the dilution phenomenon is the suggestion that they may all contain traces of a contaminant itself active in very minute concentrations. Such a situation would be analogous with that found with biotin, which could, indeed, be the hypothetical contaminant.
Milovanov (1934 a, b) states that it has been clearly demonstrated by Selivanova that the "lipoid capsule" of the spermatozoon is destroyed by the acces-sory secretions, and that there is an inverse relationship between the amount of accessory secretion in the semen and the duration of life of the spermatozoa. On the other hand, he finds that gum, gelatin, egg albumin, meat or blood serum albumin, and mucin from boar semen protect spermatozoa in descending order of activity. The findings reported here do not substantiate Milovanov's statement about the accessory secretions, nor is gelatin found to be efficient in high dilutions of spermatozoa, but it must be stressed that Milovanov was discussing suspensions at high concentration. It remains possible, nevertheless, that the accessory secretions possess a stimulant action of short duration which is not conducive to the successful storage of spermatozoa over long periods.
Doubt has also been cast on the exact significance of Mflovanov's test of resistance. Emmens (1948) has shown that sodium chloride is not harmful in isotonic diluents except at an alkaline pH, and the resistance measured in this test would seem to be resistance to the effect of dilution, not to that of sodium chloride.
There is ample evidence that marked species differences in the physiology of spermatozoa occur, and it is therefore possible that the behaviour of rabbit spermatozoa that has been described in this paper might not be reproduced by the spermatozoa of other species under comparable conditions. Nevertheless, the occurrence of the dilution effects with human spermatozoa (Kennedy, 1947) suggests that the phenomena in question are not confined to the rabbit. Kennedy repeated some of the experiments reported in this paper using human spermatozoa, and it is of interest to note that the range of spermatozoal densities over which the dilution phenomenon appears is of the same order for human as for rabbit spermatozoa. SUMMARY 1. Rabbit spermatozoa suspended in Baker's solution rapidly lose motility at relatively high dilutions. At a concentration of 0.4 million per ml., the spermatozoa from most ejaculates are completely immotile within 2 or 3 hours. The same phenomenon occurs with chloride-free diluents and is therefore not due to the toxic action of chlorides.
2. This rapid immobilisation may be prevented by suspension in cell-free supernatants from other more concentrated suspensions of rabbit semen and by the accessory secretions from a vasectomised buck. The most effective supernatants are those prepared from suspensions of spermatozoa which have been left overnight before centrifuging. Immobilisation may also be prevented by many other agents, the most effective of which are gum arabic, starch, glycogen, and serum proteins (carbohydrate-containing or carbohydrate-free). Yet, in no case is the action of these substances as effective as more concentrated suspension in Baker's solution.
3. The immobilisation is not prevented by catalase, gelatin, agar, or sodium silicate. It is almost certainly not due to the toxic action of traces of heavy metals and is not affected by the use of water doubly distilled over glass in the preparation of the diluent, or by treating the diluent with activated charcoal.
4. Washing with Baker's solution does not cause immobilisation of spermatozoa suspended at 20 million per ml. at a stage at which the concentration of seminal plasma has been reduced to that equivalent to dilution to 0.4 million per ml. Further washing (six repeated centrifugings of 0.2 ml. semen in 4 ml. of Baker's solution) immobilises them. This confirms the opinion that loss of intracellular, or perhaps rather paracellular, material is a responsible agent in the dilution phenomenon.
It is a pleasure to record our indebtedness to Dr. A. Neuberger for his helpful comments on this work, and to Dr. T. Mann for his valuable advice on certain aspects.
